Two independent isolates of a Gram-stain-positive, facultatively anaerobic, motile, rod-shaped bacterium were recovered from cheonggukjang, a Korean fermented soybean paste food product. Preliminary sequencing analysis of the 16S rRNA gene indicated that these strains were related most closely to Bacillus sonorensis KCTC-13918 T and Bacillus licheniformis
. In phenotypic characterization, the novel strains were found to grow between 15 and 55 8C and to tolerate up to 8 % (w/v) NaCl. Furthermore, the strains grew in media of pH 5-10 (optimal growth at pH 7.0). The predominant cellular fatty acids were anteiso-C 15 : 0 and iso-C 15 : 0 .The isoprenoid quinone was menaquinone 7 (MK-7). The cell-wall peptidoglycan contained meso-diaminopimelic acid. The major polar lipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and an unknown glycolipid. Draft genomes of the two strains were determined and in silico DNA-DNA hybridizations with their nearest neighbour (B. sonorensis KCTC-13918 T ) revealed 29.9 % relatedness for both strains.
Phylogenomic analysis of the genomes was conducted with the core genome (799 genes) of all strains in the Bacillus subtilis group and the two strains formed a distinct monophyletic cluster. In addition, the strains differed from the two most closely related species in that they did not metabolize maltose, D-galactose, D-sorbitol or D-gluconic acid. The DNA G+C content was 45.9 mol%. Based upon the consensus of phylogenetic and phenotypic analyses, these strains represent a novel species of the genus Bacillus, for which the name Bacillus glycinifermentans sp. nov. is proposed. The type strain is GO-13 T (5KACC 18425 T 5NRRL B-65291 T ).
In this study, two strains, GO-13 T and KJ-17, were isolated from cheonggukjang (Korean fermented soybean paste). Preliminary 16S rRNA gene sequence analysis placed them in the Bacillus subtilis group with similarities of 99.3, 99.3 and 99.1 % to Bacillus licheniformis DSM 13 T , Bacillus sonorensis KCTC-13918
T and Bacillus aerius 24K T , respectively. The subject strains were subsequently characterized using a polyphasic taxonomic approach and compared with B. licheniformis DSM 13 T (5ATCC 14580 T ) and B. sonorensis KCTC-13918 T (5NRRL B-23154 T 5KACC 12102 T ). B. aerius 24K T could not be included in the study because it is no longer available from a public collection or the original author's laboratory (Dunlap, 2015) . On the basis of the data gathered in this study, strains T and KJ-17 should be classified as representing a novel species of the genus Bacillus.
Morphological characteristics were observed under a light microscope (AXIO; Zeiss) from cultures grown on R2A agar at 28 8C for 2 days. Strains were tested for growth on nutrient agar (NA; Difco), Luria-Bertani medium (LB; Difco), trypticase soy agar (TSA; Difco), R2A agar and MacConkey agar (Difco) at 28 8C for 2 days. The growth temperature range was tested on R2A agar at 4, 10, 15, 28, 37, 45, 55, 60 and 65 8C for up to 14 days. The pH range for growth was determined from pH 3.0 to pH 11.0 in steps of 1.0 pH unit in R2A broth buffered and adjusted with 5 mM citrate-phosphate buffer (pH 3-7), 5 mM Tris/HCl (pH 8-9) or 5 mM glycine-NaOH (pH 10-11) (Breznak & Costilow, 1994) . NaCl tolerance was investigated by using nutrient broth (Difco) supplemented with 0, 2, 4, 6, 8, 10 and 12 % (w/v) NaCl at 30 8C. Motility was determined on R2B with 1/10 agar at 28 8C. Growth under anaerobic conditions was determined on anaerobic agar (Difco) at 37 8C using a GasPak jar (,1 % O 2 ; ¢13 % CO 2 ; Merck) for 7 days as described by Logan & De Vos (2009) . Catalase and oxidase activities were examined using 3 % (v/v) hydrogen peroxide solution and 1 % (w/v) tetramethyl-p-phenylenediamine dihydrochloride (Difco), respectively. Hydrolysis of casein, gelatin and starch was determined using standard techniques described by Logan & De Vos (2009) . Other biochemical tests were carried out on API 20NE, API ID 32GN and API ZYM strips (bioMérieux) according to the manufacturer's instructions. API 20NE and API ID 32GN test results were recorded after incubation for 7 days at 28 8C and API ZYM test results were checked after 4 h at 37 8C. Polar lipids were determined by two-dimensional silica gel TLC using the method of Tindall (1990) . Determination of cellwall peptidoglycan was performed according to the method of Staneck & Roberts (1974) but modified using 200 mg (wet weight) of bacterial cells (incubated at 28 8C for 2 days on R2A agar plates).
For analysis using the GEN III MicroPlate test panel, strains were prepared according to the manufacturer's instructions using protocol A (Biolog). Fatty acid analysis was carried out using the MIDI protocol (Microbial Identification) on an Agilent 7890 gas chromatograph. The strains were grown for 24 h at 28 8C on TSA and prepared using the standard MIDI protocol. The genome was sequenced on an Ion Torrent Personal Genome Machine using the Ion PGM 400 Hi-Q sequencing kit (Life Technologies) following the manufacturer's suggested protocols. The resulting reads were quality trimmed to the Q20 confidence level and assembled using CLCbio Genomics Workbench 7.1 (Qiagen) using default parameters.
Genome comparisons and alignments for phylogenetic trees were made using BIGSdb software (Jolley & Maiden, 2010) . A phylogenetic tree was reconstructed using MEGA 6.06 software (Tamura et al., 2013) . The neighbour-joining tree was reconstructed using the model of Tamura & Nei (1993) with a gamma correction (alpha value50.5); this model was chosen on the basis of the likelihood test implemented in MEGA 6.06. For comparative genomics, the following B. licheniformis genomes were used, with the annotation in NC_006270.3 as the reference for the core genome: DSM-13
, 5NAP23 (JYBQ01) and GB2 (JYGX01). B. sonorensis genomes NBRC 101234 T (AYTN01) and L12 (AOFM01) were used for comparisons, the type strain being annotated by the RAST server (Overbeek et al., 2014) and used a reference for the B. sonorensis core genome. Additionally, the genomes of strains T (LECW01) and KJ-17 (LECV01) were used, the type strain being annotated by the RAST server (Overbeek et al., 2014) and used as the reference for the core genome. The core genomes were based on 70 % nucleotide homology with at least 50 % coverage and represented in 100 % of the genomes. Digital DNA-DNA hybridization (DDH) values were determined online (http://ggdc.dsmz.de/distcalc2.php) using the Genome-toGenome Distance Calculation version 2.0 using formula 2, as originally described by Auch et al. (2010) and updated by Meier-Kolthoff et al., (2013) . Formula 2 of the Genometo-Genome Distance Calculation is the only function appropriate to analyse draft genomes, which is the case for most of the genomes in this study (Meier-Kolthoff et al., 2013) .
Cells of strain T were Gram-stain-positive, facultatively anaerobic, motile, endospore-forming rods 0.5-0.8 mm in diameter and 1.7-4.8 mm in length when cultured on R2A agar. Central or subterminal ellipsoidal endospores were observed without swollen sporangia (Fig. S1 , available in the online Supplementary Material). Colonies formed on R2A agar were creamy white, mucoid, translucent, raised and 3-4 mm in diameter after 2 days of incubation at 37 8C. Strain T was able to grow on NA, LB medium, R2A agar and TSA, but not on MacConkey agar. It grew at pH 5-10 and 15-55 8C. It was able to tolerate up to 8 % (w/v) NaCl. The optimum temperature and pH were 37 8C and pH 7.0. Reference strain KJ-17 exhibited similar properties. Results of the Biolog tests showed that both strains could metabolize dextrin, trehalose, cellobiose, methyl b-D-glucoside, a-D-glucose, D-fructose, D-mannitol, glycerol and L-malic acid. Results of API 20NE tests showed that the strains were positive for nitrate reduction, aseculin hydrolysis, gelatin hydrolysis and b-galactosidase activity but negative for indole activity. API tests revealed production of acid from D-glucose, L-arabinose, D-mannitol, D-mannose, N-acetylglucosamine and maltose. All strains produced acid but no gas from glucose, utilized citrate but not propionic acid, and hydrolysed casein, gelatin and starch. A summary of distinguishing phenotypic properties is T and KJ-17 shared similar cell sizes and spore morphology. The temperature, pH and NaCl tolerance were the same for all four strains at 15-55 8C, pH 5-10 and up to 8 % NaCl. This contradicts the original description for B. sonorensis KCTC-13918 T , which had a reported NaCl tolerance of 3 %, under the same conditions (Palmisano et al., 2001) . All the strains were positive for catalase, oxidase and nitrate reduction activity.
The respiratory quinone of the novel strains was menaquinone with seven isoprene units (MK-7). The cell-wall peptidoglycan contained meso-diaminopimelic acid. The major polar lipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, an unknown glycolipid and two unknown aminolipids (Fig. S2) . The cellular fatty acid profiles showed a large amount of branched fatty acids; the major components were anteiso-C 15 : 0 (36.9 % for strain GO-13 T ) and iso-C 15 : 0 (28.9 % for strain GO-13 T ) ( Table 2 A draft genome of both strain T and strain KJ-17 was sequenced and assembled. The genomes comprised 4.76 and 4.51 Mbp for strains T and KJ-17, respectively. DDH values (Table 3) were 94.5 % for the intra-species comparison of strains T and KJ-17 and 23.6-30.5 % for inter-species comparisons with B. licheniformis and B. sonorensis strains, which is well below the threshold of 70 % for species delineation (Wayne et al., 1987) . The DNA G+C content of strains T and KJ-17 was 45.7 and 46.0 mol%, respectively. These results also confirm that T and KJ-17 are not clonal strains. The results of phylogenomic analysis of the core genome of B. subtilis group strains shows that the two novel strains cluster together and nearest to B. sonorensis KCTC-13918 T (Fig. 1) .
In genomic comparisons with B. licheniformis strains, the core genome of B. licheniformis contained 662 putatitve genes (Table S1 ) not found in strain GO-13 T or strain KJ-17. Most of the putative proteins are of unknown function, but some are consistent with the observed phenotype properties, such as a gene cluster associated with sorbitol metabolism (BL02486-BL02492) and maltose metabolism (BL01948). Other notable observations are that strains T and KJ-17 lack the lichencidin synthesis cluster (BL00938-BL00948) and two nickel transporter clusters (BL00788-BL00791; BL2418-BL2422) common to B. licheniformis strains. In genomic comparisons with B. sonorensis strains, the core genome of B. sonorensis contained 800 putative genes (Table S2 ) not found in strain T or strain KJ-17. Most of the putative proteins are of unknown function, but some are consistent with the observed phenotype properties, such as genes associated with maltose metabolism (Bson00174, maltose O-acetyltransferase; Bson00491, maltose-69-phosphate glucosidase), a gene cluster associated with sorbitol metabolism (Bson00666-Bson00671), a gene cluster associated with galactose, lactose and tagatose metabolism (Bson00720-Bson00731), and a gluconate permease (Bson00494). Strains T and KJ-17 lack the ability to metabolize maltose, sorbitol, galactose and gluconic acid (Table 1) , in contrast to B. sonorensis NRRL B-23154 T . Other notable genes shared by the B. sonorensis strains and not found in strain T or strain KJ-17 are bacitracin synthesis genes (Bson00001, Bson00004, Bson00005, Bson00111, Bson00306, Bson00575-577), nickel transport genes (Bson00407-410) and a lantibiotic cluster (Bson00602-607).
The core genome of strains T and KJ-17 contained 424 putative genes (Table S3 ) not found in any genome of B. licheniformis or B. sonorensis strains. Many enzymes were identified that are involved in sulfur metabolism (Bgly000035, Bgly000173, a-ketoglutarate-dependent taurine dioxygenase; Bgly000282, lactoylglutathione lyase; Bgly000299, methionine ABC transporter). The strains also share many genes involved in glutamate/glutamine metabolism (Bgly000000119, glutamate transport membrane-spanning protein; Bgly000120, glutamine ABC transporter; Bgly000150 and Bgly000151, c-glutamyltranspeptidase; Bgly000163, NADPH-dependent glutamate synthase; Bgly000290, c-glutamyl phosphate reductase; Bgly000328, glutamate racemase). This is consistent with their isolation from cheonggukjang, which is characterized by a viscous texture arising from large amounts of poly-glutamic acid (Jung et al., 2012) . In addition, they share a three-gene cluster that appears to be involved in arsenate resistance (Bgly000266-Bgly000268).
Based upon the consensus of phylogenetic and phenotypic analyses, strains T and KJ-17 represent a novel species of the genus Bacillus, for which the name Bacillus glycinifermentans sp. nov. is proposed. Description of Bacillus glycinifermentans sp. nov.
Bacillus glycinifermentans (N.L. n. Glycine a botanical genus name referring to Glycine max, the soybean; L. part. adj. fermentans fermenting; N.L. part. adj. glycinifermentans fermenting soybeans).
Cells are Gram-stain-positive, facultatively anaerobic, motile, endospore-forming rods and 0.5-0.8 mm in diameter and 1.7-4.8 mm in length when cultured on R2A agar. Central or subterminal ellipsoidal endospores are observed without swollen sporangia. Colonies formed on 
